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Neutral hydrogen is a key element in all processes 
regulating galaxy evolution. 
Observationally its amount is inferred from the faint 
21 cm line, and the current surveys (e.g. ALFALFA or 
HIPASS) are limited in redshift and resolution. We 
expect  huge improvements from future instruments, 
such as SKA and its precursors. 
Our work aims at providing a physical framework to 
interpret available and forthcoming HI data, and 
takes advantage of state-of-the-art semi-analytic 
models of galaxy formation.
We study the statistical properties of HI-selected 
galaxies in six different models, identify the critical 
prescriptions influencing the HI content, and 
compare model predictions with the latest 
observational measurements. 
The semi-analytic models
Bower et al. 2006 → B06
De Lucia & Blaizot 2007  → DLB07
Guo et al. 2011 → G11
Henriques et al. 2015 → H15
Hirschmann et al. 2016  → GAEA
Xie et al. 2017     → XBR16
Millennium Run (Springel et al., 2005)
No distinction between HI and H2 
in the cold gas, we follow 
Obreschkow et al. (2009):
MH2/MHI=[3.44Rc
-0.506 + 4.82Rc
-1.054]-1
 Rc=[Rdisk
-4 Mcold(Mcold+0.4M*)]
0.8
Star formation based on Σcold of 
the entire disk.
HI and H2 separated 
at each time-step 
using Blitz & 
Rosolowsky (2006).
Star Formation is 
based on ΣH2  in annuli 
of the disk.
DM halos identified 
in each snapshot 
(FoF + SUBFIND)
Halo in a snapshot 
is linked to the 
descendant in the 
next snapshot
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Light-cone construction 
(follows Blaizot et al., 2005) :
snapshots at redshifts zn are 
randomly rotated, shifted and tilted, to 
avoid replications along the line of 
sight. 
The cone is divided in boxes of the 
same size of the available snapshots, 
and in redshift slices. Each box 
corresponds to a specific set of 
random transformations. The slices of 
the cone have edges in (zn+zn+1)/2, 
and galaxies are added to each slice 
according to their output redshift.
The projected 2-point correlation function (2PCF) estimator
We consider the correlation function in redshift space, where distances are: 
● Along the line of sight (l.o.s.): π = |v1 -v2|/H0
● On the sky: σ = [π2 - (v1
2
 +v2
2 -2 v1v2 cosθ)/H0]
1/2
Where v1 and v2 are the measured velocities on the l.o.s., θ is the distance 
angle on the sky, and H0 is the Hubble constant.
The projected correlation function is: w(σ) = 2 ∫0
∞ ξ(π,σ) dπ
The estimator used for ξ(r) is the Landy-Szalay (1993):
ξ(r) = [DD(r)+RR(r)-2DR(r)]/RR(r)
The 2PCF of HI- selected galaxies
 We consider the following bins of HI masses: [108.5, 109.5], [109.5, 1010], 
[1010, 1010.5] M⊙. 
Dashed lines are the observational data from Papastergis et al.(2013). 
The clustering signal for the lowest HI mass bin is over-predicted by all the 
models. For the median and the largest mass bins, observations are well 
reproduced by G11, H15 and XBR16. All other models under-predict the 
clustering signal for those bins. 
The 2PCF of HI-selected CENTRAL galaxies
In the bottom right panel (XBR16), we show in transparency model 
predictions obtained considering only model central galaxies.
The clustering signal of the lowest HI mass bin is lowered, but the same 
happens to the median and the highest HI mass bins: all the 
correlation functions are under-predicted at small distances. 
Results are very similar for all other models, with the exception of B06, 
because satellites in this model have negligible amounts of HI.
In B06, DLB07, GAEA and 
XBR16  the hot gas is 
instantaneously stripped 
when a galaxy becomes  a 
satellite.
In  GAEA and XBR16 the 
improved feedback 
scheme increases the cold 
gas content at high redshift.
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In G11 and H15 the hot 
gas stripping in satellites 
is gradual.  
The HI evolution in satellite galaxies
We consider galaxies that became satellite at 
z=1, in the following HI mass bins: [<108.5], 
[108.5, 109.5], [109.5, 1010], [1010, 1010.5] M⊙.
The evolution of their HI content is plotted as a 
function of lookback time. 
The different treatment of hot gas stripping 
influences the HI depletion time. 
Stellar feedback regulates how much HI is in the 
satellites at their accretion time.
In the models adopting  a threshold for star 
formation (DLB07, G11, H15, GAEA), this 
determines a flattening of the curves shown.
The projected 2-point correlation 
function of HI-selected Galaxies
HI content and halo properties
 The HI-DM halo mass relation 
The figure shows the HI-halo mass relation for all models considered. 
For satellite galaxies, the halo mass considered is that at the last time 
the galaxy was a central one.  
The red lines show the relation inferred by Papastergis et al. (2013), 
while the other colored lines are model predictions for different types 
of galaxies.
The relation between HI content and halo spin 
The figure shows the distribution of halo spin for galaxies in different HI 
mass bins (different colors) and halo mass bins (different columns).
Vertical lines are to guide the eye, and dashed lines correspond to the 
total distribution for all halo masses. 
All models have similar spin distributions. Small spin halos host mainly 
low HI galaxies, and  high HI galaxies reside in high spin halos. The 
scatter is very large.  
The 2PCF of the lowest HI bin, [108.5;109.5] M⊙ , is over-estimated by 
all models. The observational sample for this HI bin is very 
small, and more data are needed to better constrain the 
clustering signal.  
 The medium and highest HI bins, [109.5, 1010], [1010,1010.5] M⊙, are 
well reproduced by G11, H15 and XBR16, and under-estimated by 
the other models. We find that satellite galaxies are necessary to 
reproduce the clustering signal at small distances, and that 
different predictions can be ascribed to a different treatment for 
satellite evolution.
DM halo properties affect the HI content of  galaxies.
The HI-DM halo mass relation is determined by a complex 
interaction between star formation, stellar feedback and 
satellite hot gas stripping. 
The distribution of  halo spins does not depend on the model 
adopted: in all models, the halo spin is used to set the initial 
value of  the disk scale-length. The larger the spin, the smaller 
the gas surface density, the lower the HI consumption through 
star formation. Therefore, a small spin is more likely 
correlated with a low HI content, while HI rich galaxies more 
likely reside in high-spin halos. 
The scatter is, however, large. 
Lookback time [Gyr]
The evolution of the HI content of satellites 
is determined by a combination of hot gas 
stripping treatment, stellar feedback and 
star formation prescription. 
For example GAEA and XBR16 differ only in 
the treatment of  star formation, and this 
determines larger amounts of HI in satellites 
in XBR16. 
Background and motivations
HI content
MNRAS, 465, 2236–2253 (2017)
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